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borazines.  (-RBNR'’-)3.  with  oren  as  wdl  asAf*inoao-  aodN.^f'-diaganyl  derivatives  thoeof  has  been  described  to 


proceed  according  to  eq  (1).  Tbe  resultant  l,3,5-triazar2,6-dibQiacyc]ohe9cane-4-oiie  (■  ketoiriazadibotinane) 


2  (-WNR*-),  ♦  3  (NTHNjiCO  - ^  3 

1 

spedes  1  (obtained  in  SS  to  65%  yield)  were  dtazactcrized  by  elemental  analyses  only.^  Several  compounds 


2 

containing  tbe  same  structural  skeleton  of  1  and  rriated  qtedes  such  as  2  and  3  were  fitund  among  tbe  reactimi 
products  of  (halo)organylbQranes  with  Af-otganosubstinited  ureas  as  well  asAf-Uthiatet^  or  ^•silylatedV  derivatives 
of  the  latter. 
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In  another  stndy,  etpnmolar  amounts  of  A^.^-dimethylurea.  (R'1IN)2C0  (R'  >  CH3),  and 
tds(dialkylanuno)boanes,  B(NR^  (R'  •  CH3,  C2I4).  were  Sound  to  react  in  boiling  xylene  to  give  good  yields  of 
l^-diaza-2,4-dibon>3-axacyclohe9can-6-oaes,  3/ 

The  present  wodc  is  conoeraed  with  a  sudy  of  the  reaction  q£  Af.AT-dimethyluRa  with  various  types  of  boion- 
nitrogen  compounds  containing  trigonal  boron. 


Experimental  Section 

Elemental  analyses  were  perfonned  by  the  ScfawarAopf  hfiaoanalytical  Laboratory,  Woodside.  NY.  Melting 
points  (uncooected)  were  detennined  00  a  Mel-Temp  block. 

NMR  spectra  were  recorded  for  solutions  in  CDQs  (unless  otherwise  noted)  on  a  Varian  XL-200  or  VXR-400 
(*^B)  or  GEMINI-200  (>H,  instnimem.  Chemical  shift  data  are  given  in  ppm  with  positive  values  indicating 
downfield  from  the  reference  Onteinal  <013)451  for  and  NMR,  external  (C2Hs)20'BF3  for  >*B  NMR). 
Abbreviations  are  as  follows:  s  <■  singlet,  d  »  doublet,  t  •  triplet,  q  •  quartet,  p  •  quintnplet,  m  ■>  unresolved 
moltiplet  An  asterisk  denotes  a  broad  signal  Coupling  constants  /  are  given  in  hertz.  All  NMR  spectra  were 
recorded  in  the  proton  decotqded  mode.  Mass  ^lecttal  data  (70  eV  unless  otherwise  noted)  were  recorded  on  a  VG 
ZAB>2F  spectrometer  data  are  given  to  30  for  S%  orgreater  relative  abundances  Qn  parentheses)  only. 

C,H,B(ii-NH)(il.-NCH,CONCH,)BCA  (la;  K  3  CaHj,  R'  3  H,  S'  3  CH,).  A  ntixtnte  of  11.7  g  gi 
mmol)  of  B-trietfaylbacazine,  (-C2H5BNH-)3.*  and  9.4  g  (107  mmol)  of  N,  '-dimetfaylutea  was  heated  in  an  oil- 
bath  of  200  fcv  6  h.  After  cooling  to  room  temperature,  the  material  solidified,  It  was  extracted  with  several 
portitms  of  ether  to  leave  a  polymer-Uke  brown  tesidne  (which  was  not  Amber  irtvestigated).  The  ether  was 
evaporated  ftom  the  clear  solution  and  die  coknless  solid  residue  was  lecrystallized  from  pentane  to  give  9.4  g 
(48%)  of  prodnct,  mp  9S-98  ^  Anal  Calcd  for  C7Ht7B^4jO  (M,  « ISaSS):  C,  46.48;  H.  9.47;  B.  11.95;  N.  23.23; 
0.8.85.  Fbimd:  C.  46J5;H.  9.45;  B.  9.73;  N.  22.98. 

NMR  data:  S  CH)  5.25*  (1 H,  s),  3.01  (6  H.  s).  1.02  (10  H.  s);  5  0>B)  362  {hia  »  265  Hz);  S  OK)  160.0, 30.8, 
8B.  7J*.  Mass  spectrum:  mfx  181  (49).  180  (100),  179  (41).  178  (6).  153  (6).  152  (11),  151  (5).  123  (13).  122  (6). 
95  (7).  94  (5).  68  (5).  67  (7).  66  (9).  40  (7),  38  (5). 
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C2H,B(Mi-NCH3)(M.-NCH)CONCH3)BC^3  (lb;  R  s  (ZjHf,  R' s  R*  CHj)  was  prepaitd  in  analogous 
fiashion  as  tbe  preceding  compoond  by  reaction  of  SJ  g  (27  mmol)  of  B-trietbyl-Af-trimethylborazine, 
(-C2H5BNCH3-)3.*  with  g  (40  nmud)  of  ^.^'-dimetbylurea  (S  h  at  180  ”C  bath  temperatnre).  The  resultant 
produa  was  distilled  under  vacuum  to  give  S.4  g  (70%)  of  the  desired  product,  bp  115  ^1  torr.  AnaL  Caicd  for. 
C1H19B2N3O  (M,  =  194.88):  C  4931;  H,  9.83;  B.  11.09;  N.  2U6;  0. 831.  Fbund;  C.  49.06;  H.  9.87;  B,  10.82;  N. 
21.43. 

NMR  data:  5  (>H)  3.11  (6  H,  s),  2.99  (3  H.  s),  13  to  0.9  (10  H.  m);  5  (“B)  36.7  (s,  h^a  «  280  Hz);  5  (‘^Q 
159.0,  323, 313, 63*.  Mass  spectnmi:  mix  196  (14).  195  (60),  194  (100),  193  (36),  192  (17).  181  (5).  168  (10). 
167  (13),  166  (16),  165  (15).  137  (16).  136  (8).  125  (6),  109  (14).  108  (5),  81  (9).  80  (10),  68  (9),  66  (5).  52  (8),  51 
(6).  44  (10).  40  (16).  32  (22). 

CII,N(tt-BCcH,}(|i-CONCH,CO)NCH3  (2;  R  «  CA*  R*  »  CH,).  A  mixture  of  1.0  g  (23  mmoO  of  B- 
nipbenyi-^-tzimetfaylbacBzine,  (-C«E[sBNCH3-)3.*  and  23  g  (22.7  mmol)  of  ^,^f'-dimetfaylnrea  was  carefully 
molten  and  then  boiled  for  10  min.  After  coding  to  room  temperature,  200  mL  of  benzene  was  added  and  the 
mixture  was  refhaed  with  storing  for  15  min.  The  clear  solutiaa  was  decanted  firom  a  small  amount  of  insoluble 
material  and  benzene  was  evaporated.  Unreacted  urea  was  sublimed  off  under  vacunm  (80  bath  tenqpeiatnre). 
The  residne  was  disadved  in  50  mL  of  benzene,  insdnble  material  was  discarded,  and  benzene  was  evaporated. 
The  remainiiig  solid  was  sublimed  under  vacnnm  to  give  1.6  g  (62%)  of  prodnct,nip  126'128  identical  ^IMR) 
with  the  previously  described  maieriaP  (obtained  from  te  [(CI4)aN]3BCcI^  witb^,hr’,y*.«imetbylbinret). 

CH3B[u.-N(CII))j](|i-NCH3CONCH)][pr^CH3CONHCH,]BCH3  (4a).  A  mixture  (tf  1  g  (11.4  mmol)  of 
N.AT-dimethylurea,  2  g  (17.6  mmol)  of  lBs(dimediy^inino)metfaylbonme,  [(CH3)^2BCH3,*  and  100  mL  of 
tduene  was  refluxed  with  staring  for  9  h.  Talueae  was  evqxaated  from  the  clear  solution  under  reduced  pressure. 
The  solid  residue  (0.9  g.  59%)  was  reoystallized  from  acetonitrile  to  give  a  colottess  product,  mp 
240-242  AnaL  Caicd  for  CioHisB,^  26833):  C.  44.66;  H.  937;  B.  8.04;  N.  26.03;  0. 113a  Fbun± 
C,  44.73;  H,  937;  B,  737;  N.  25.94. 

NMR  data:  S  CH)  43*  (1  H.  s).  231  (6  H.  two  closely  spaced  d),  371  (3  H.  sX  239  (3  H.  s).  315  (3  a  s). 
311  (3  H.  s).  -0i)6  (3  H.  s).  -0.07  (3  H.  s);  5  OKI)  1631. 1583. 40.0. 313, 31.6, 31.0. 27.6.  -03*  (ratio  for  1631 
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and  158^  signal  ca.  1:2).  Major  ion  peaks  appear  in  the  mass  spectrum  of  the  compound  in  the  regions  near  m/x 
269.197. 168.andl2S. 

C,H,B(p.-N(ai3),][Mr-NCH,CONCIl,][M.-NCH,CONHCH,lBC^,  (4b).  A  solution  of  11.6  g  (91  mmol) 
of  bis(dimethylaniino)etb^bocaae.  [(CH3)]N]aBC2Hs.*  in  SO  mL  of  toluene  was  added  dropwise  with  stirring  to  a 
hot  solution  of  4.0  g  (4S.S  iiund)  of  ^.N'-dimethyluiea  in  100  mL  of  toluene.  Hie  mixture  was  refluxed  oveniight 
and  the  solvent  was  evaporated  under  reduced  pressure.  The  coloriess  residue  was  washed  with  pentane  and  then 
with  ether  to  give  4.8  g  (71%)  of  crude  {oodnct.  mp  226*228*^  (after  recrystallization  fiom  acetonitrile).  AnaL 
Calcd  for  CuHjjBiNsOi  (Af, »  296.98):  C.  48 J3;  H.  9.84;  B.  728;  N.  23 J7;  0. 10.78.  Fbund:  C  48  J9;  H.  10.12; 
B.  6.58;  N.  24.35. 

NMR  data:  8  CH)  62*  (1  H.  s).  185  221  (6  H.  two  closely  spaced  d).  2.69  (3  H.  s).  228  (3H.  s).  224  (3  H. 
s).  2.16  (3  H.  s),  021  (6  H.  q, 72).  028  (2  a  U  »  72).  025  (2  H.  t. /«  72)  (the  positions  of  the  signals  at  62 
(iq)  to  02  ppm)  and  22  ppm  (very  sU^y)  are  coocentration-dependeat);  S  13  (s,  hyi  •  635  Hz);  5 
163.6.  1592.  403,  40.0,  312,  313,  303,  272, 103,  9.8,  62*.  The  mass  qtectrem  exhibits  a  weak  parent  ion 
clnster  in  the  r^ion /r^z  297;  the  base  peak  is  observed  at  211. 

C«H«B(Mr^(ai3)^Ill-NCH,CONCH3l[Mr-NCBI,C(>NH(:H,]BC(^^  (4c).  A  mixture  of  3.0  g  (17.1  mmol) 
of  bis(dimethylamino)pbeaylborane,  [(CH3)2NlaBC«a  *  LO  g  (11.4  mmol)  of  Af.iV'-diinethylorea,  and  80  mL  of 
toluene  was  refluxed  with  stirring  for  10  h.  The  colorless  predpiiatB  was  collected,  washed  with  pentane,  and  dried 
under  vacuum  to  give  1.7g(7S%yiel^(tfproductA(s4c),mp284-286*C  AnaL  Calcd  for  C2oH2sB2Ns(32  (Afr* 
393.10):  C,  61.11;  H,  7.44;  B,  520;  N,  17.81;  0, 8.14.  Found:  C.  60.06;  H,  724;  B,  5.40;  N,  1829.  This  material 
was  readily  soluble  in  chlott^Qim  (iqi  to  3.7  wt%)  and  NMR  spectra  were  recorded. 

NMR  data:  8  (>H)  7.7  +  7.4  -i-  73  (10  H.  unresolved  m).  62*  a  H.  s),  3.02  (3  H.  d.  /  -  4.4).  3.00  (3  H.  s).  234 
(3  H.  s),  224  (3  H.  s),  220  (3  H,  s),  1.68  (3  H,  s);  8  («B)  32  (s,  Ayi «  250  Hz);  8  (‘^Q  165.1, 1612. 135.8, 134.9, 
1332. 1273. 1272, 127.0, 1262, 412. 403. 34.4. 343, 33.7. 283.  The  mass  spectrum  exhibits  a  strong  parent  km 
cluster  in  the  regkm  392. 

The  material  A  was  recrystaDized  Gram  ddoR^onn/cyciobexane  (1:1  by  volume)  to  give  a  product  analyzing  as 
a  1:1  molar  adduct  of  4c  with  chloroform,  mp  278*280  ^  AnaL  Calcd  for  CnHsoBjQaNsOz  (Af4  •  51225):  C, 
4921;  H,  5.90;  B,  422;  0, 20.75;  N.  13.66;  0, 626.  Fbund:  C,  49.06;  H.  638;  B.  3.81;  CL  1927;  N,  1421. 


This  latter  maicnal  B  was  considerably  less  s(did>le  in  chknofonn  (<»ily  up  to  1.8  wt%)  than  the  original 
material  4c.  However,  the  NMR  spectmm  was  essendaliy  with  that  of  4c  excqn  that  the  signal  of  4c 

(^nerved  at  6.4  ppm  is  now  located  at  S.3*  ppm  (1  H)  and  an  additional  signal  is  observed  at  1.43  ppm  (1  H.  s. 
positioa  concentration  dependent).  An  additional  signal  was  also  observed  in  the  NMR  spectrum  (solution  in 
CD2CI2)  at  78.0  ppm. 

Reaction  of  NjV'*Dimethylnrea  with  (Dimethylamino)dh)rganyiboranes  (Representative  Reaction).  A 
mixnire  of  6.0  g  (42.5  mmol)  of  (diniethylaniino)di-a-pt(q>ylb(nane.  (CH3)2NB(n-C3H7)2.'o  and  1.0  g  (11.4  mmol) 
of  N.JV'-dimethylnxea  was  healed  to  reflux  (190  ‘*C  bath  temperatme)  with  stilling.  After  about  1  h  a 
homogeneous  mixtnie  was  obtained  and  heating  was  continued  for  45  h.  A  colorless  pnedpitate  formed  on  cooling 
of  the  reaction  mixture  to  room  temperature  and  additional  ptecipinie  formed  on  addition  of  40  mL  of  pentane.  The 
prec^itate  was  collected  and  was  idfnrified  as  N.N.N'-tiimetlr^nrea  (78%  yield);  S  (*H)  4.4*  (1  H.  s).  2.89  (6  H. 
s),  2.79  (3  H,  d,  /  a  4.7).  Pentane  was  Hi«rina<i  off  the  fihrate  under  reduced  pressure  and  the  remaining  liquid  was 
fractionally  distilled  under  vacuum  to  yield  (CH3)HNB(n-C3H7)2  and  the  nnrracted  excess  of  (CHi)^^(n>C3H7)2. 


Resnlti 

The  reaction  of  N.AT •dimethylniea(«DMU)  with  boiaziaes  according  to  eq(l)  has  previously  been  reported  in 
a  patent,^  but  no  eApetimental  details  are  availatde.  tt  has  now  been  observed  itwr  no  rwirtifin  occurred  when 
sevoal  boraanes,  (-RBNR'-)3  (R  a  CjHi  or  and  R' «  H  or  CH3),  were  treated  with  the  urea  in  transfor 
media  such  as  refluxing  benzene,  toluene,  or  xylene.  Ifowever,  beating  of  a  neat  mixtnre  of  the  reactants  to 

temperatmes  of  180-200  gave  ready  access  to  la  (R  >  R' «  H.  R' s  CHs)  and  lb  (R  s  CrjHs.  R' «  R' » 

Ola)  originating  frwn  (-CjHsBNR ->3  with  R' »  H  or  CHa,  respectively.  When  (-CsH5BNCHr-)3  was  heated  with 
DMU  to  200  *C,  die  mixtnie  was  not  yet  oonqiletBiy  Ikpefied.  Only  at  bath  temperamres  near  250  *C  (boiling 
DMU)  was  a  clear  meh  obtained  and  a  reaction  inifiatiM  However,  the  resultant  prodnct  crmowiM  primarily  of 
l,3,5-triazar2-botacyclobexan-4,6’dione  2  with  R  »  CtHr  and  R'  ■  CH3.  This  result  mggwinv  Huw  nntter  the 
experimental  conditions  a  condensation  of  the  DMU  toN,N',Ar'-ttimetbyibintet  occurred  first,  and  the  rr-acted 
with  the  borazine  to  give  die  cited  product  Compminds  of  type  2  have  previously  been  obtained  by  trancgmiiiatinin 
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of  bis(<limftthylainiiio)otganylboianes  with  biuiets,''  and  wen  also  observed  among  the  pnxlucts  of  the  miirf^n<arinn 
of  (dihak>)a(ganyIboranes  with  uteas.^ 

In  the  present  weak  it  also  finther  found,  that  his(dimethylanuno)ofganylborane3,  [(CH3)aNl2BR.  react  with 
DMU  in  1:1  mds  taiio  and  widi  the  release  of  only  1^  etgnv  of  dimethylainiiie  to  form  diboron  spedes.  The 
process  is  independent  of  the  ratio  of  the  reactants.  However,  the  products  am  most  easily  purified  when  an  excess 
of  the  aminoborane  is  used.  (No  bis(ureido)boranes  of  the  type  Rfi(NR'CONHR')2  could  be  obtained  under  the 
studied  conditions,  not  even  in  the  presence  of  a  large  excess  of  the  urea.)  The  resultant  dUxson  spedes 
unexpectedly  contained  four-coonhnate  boon  (as  shown  by  NMR  data),  snggesting  4  as  the  stnicttne  of  the 
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4  (R'-CHj) 
a:  R-CH, 
b:  R-CzHs 
c  R-CsHs 

species.  This  latter  fommlation  is  in  complete  consonance  with  all  trf  the  NMR  data. 

When  a  neat  mixuite  ai  (dimethyiaaiino)dHi>propylbocane  and  DMU  was  refluxed  (for  1-2  d)  using  excess  of 
the  aminoborane  as  solvent,  essentially  quantitative  convenion  of  the  DMU  to  N,  ff,  AT'-tninetfaylutea  (■  TMU)  was 
observed  besides  the  formation  of  (metfaylainino)di-n-pfopylbQrane.  (Dimethylaniino)diethyIbaiaod*  did  not  react 
with  DMU  under  analogous  conditions  (ca.  12S  However,  using  boiling  x^eae  as  solvent  (ca.  140  XI)  a 
leactioa  occurred  which  resnlted  again  in  an  essentjafly  quantitative  conversion  of  the  DMU  to  TMU  and  of  the 
(dunettiylaniino)dietliyIbaiane  to  (inediylaauno)diethylborane  widnn  a  period  of  1  d.  On  refluxing  of  (the  higher 
boiling)  (dunetliylamino)dq)lienyIbarane  with  DMU.  a  teactioo  occuned  within  a  period  of  15  h  to  again  yield  TMU 
and  (metliylamino)diphenylborane. 
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Hieae  observatioas  Qlostnte  that  (fisplacement  of  the  dimethylamino  groups  of 

(diinethyIaiiuno)diorgaiiynxnaes  by  DI^  in  a  nnsaininatiaa  rcactioa  does  not  occur  readily.  Rather,  under  the 
conditions  used  the  DMU  appears  to  decompose  to  methyl  isocyanate  and  methylamine.  Subsequently, 
methylamine  «rhi»ngeii  place  with  the  (fimethylamino  groop  of  the  bonne,  and  the  genented  dimetbylamine 
interacts  with  the  isocyanate  to  yield  TMU.  Indeed,  an  mtennediatB  decomposidon  of  A^.A^'-diorganylureas  in  the 
reaction  with  haloboranes  has  been  noted  earlier.^  and  displacement  of  diaDcylamino  groups  of 

(dialky]ainino)diorganyIbaranea  by  methylatniiie  has  been  described  as  an  exothennic  reaction.'^ 

In  contrast,  equimolar  amomts  of  tns(dialkylamino)borBnes.  BfNR])]  «  CH3,  CiHs).  and  DMU  have  been 
reported  to  react  in  boiling  x^eae  to  give  species  of  type  3  (with  R  •  NR^  where  R'  *  CH)  or  C^s)  *  Apparently, 
this  latter  reaction  proceeds  via  the  intennediate  formation  of  the  carfaodiimide  CHsI^ONCHs  and  the  diboroxane 
(3  diboryl  oxide)  [(R^t^BlsQ  (tmder  release  of  two  molar  eqniv  of  RjMH);  foe  diboroxane  foen  seems  to  react  wifo 
a  second  DMU  molecnle  in  a  wnMmiwrinii  m  yidd  a  cyclic  product  oi  type  3.  bi  view  of  foe  observation  that 
aminoboranes  tended  to  ream  with  DMU  to  foon  at  least  one  BNCHjCONCHsB  unit,  tiis(diinefoylamino)barane^ 
was  reacted  with  DMU  in  2:3  molar  ratio  in  refimdng  toluene  CM  h).  A  glassy  polymer-like  material  was  obtained, 
foe  NMR  spectrum  of  which  showed  at  least  fotir  distina  resonance  signals  centered  near  0  ppm  (maxima  at  2.4, 
-0.1, -1.0,  and -1.4  ppm).  The  *HNMRspecttqmof  this  prodnct  was  mcondnsive,  and  foe  70  eV  mass  spectrum 
exhibtiBdpeaksoptOff^S72.  ’nnsmateriaiwasnotfoifoeratvesiigaiBd. 
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